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Tips for Safer Mining Equipment
Simple design principles can improve
equipment safety in mines. 

  

E
QUIPMENT IS THE PRIMARY
cause of injury in 11% of all

mining accidents and a secon-
dary cause in another 10%. Pur-
c h a s e r s  s h o u l d  s e l e c t  n e w
equipment carefully to ensure
that the machine incorporates
good ergonomic design criteria
that maximize the safety of their
mine workers.

One potential problem area is
the workstation-the control cen-
ter of the machine. Safety problems
often occur when the workstation
provides insufficient clearance or
visibility to the operator or has
controls that are difficult to reach.
This is especially true for under-
ground mines, where confined space
is an issue. In reclined or stooped

CONTINUED ON PAGE 2

What Is Human Factors
Research?

A roof bolter reaches for a lever
while guiding the drill with his
other hand. Since he’s watching
the drill and many of the controls
look and feel alike, he hits the
wrong control and crushes his
hand.

Six hours into the night shift, an
ore truck driver dozes off. The
truck plows over the berm and
down into the pit.

Fleeing a fire, a face crew sees
smoke in the intake entry. As-
suming the fire is ahead, they
cross over to another entry, but
soon encounter even worse
smoke.
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Tips for Safer Mining
Equipment

CONTINUED FROM PAGE 1

postures, operators will have less
strength and agility and often expe-
rience reduced visibility.

We have conducted and pub-
lished much research in Human
Factors design of mining machine
workstations. This information is
currently being compiled into a se-
ries of Human Factors design rec-
ommendation reports.

The reports will cover many
topics, including workstation lay-
out, control design, seating, and
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visibility. Each topic has a list of
basic or first principles of design.
Understanding these principles is
the key to designing or purchasing
a workstation that is both safe and
efficient. Following is a sampling
of these main topics and first
principles.

Workstation Layout

0 The workstation should fit op-
erators from the 5th- to 95th-per-
centile range. In other words, it
should fit all but the smallest 5%
and largest 5% of the mining popu-
lation. Consider the limitations of
operators with shorter arms when
identifying the arm reach envelope
for the location of controls (see
schematic on page 1). For clearance
requirements for the head, knees,
etc., use data from the largest mem-
bers of the user population.

LI Where practical, distribute the
workload as evenly as possible be-
tween hands and feet. Position
emergency controls and primary
controls that require precision op-
eration for easy access by either
hand.

0 Anticipate all potential safety
hazards and required emergency
actions before starting to design.

Cl Maintain the relative placement of
controls and displays for similar types
of equipment. This takes advantage
of established habits and helps to
eliminate confusion when moving
from one machine to another.

Control Design

0 Design controls to comply with
anthropometric data on human op-
erators. For example, pushbuttons
should be large enough to activate
easily with a gloved hand. The
force required to engage a panic bar
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Several recommended knob shapes
for roof bolters wearing gloves.

should not exceed the capabilities
of the operator in his or her normal
operating position.

Cl Ensure that the operator can
identify the proper controls quickly
and accurately. For example, criti-
cal controls should be larger than
noncritical controls.

0 Where feasible, the speed of a
vehicle or component should be
proportional to the displacement of
the control from its rest position
and in the same direction.

Cl Controls should have sufficient
resistance to reduce the possibility
of inadvertent activation by the
weight of a hand or foot.

Cl Design controls to withstand or
guard against abuse, such as from
falling roof and ribs or from the
forces imposed during a panic re-
sponse in an emergency stop. Also,
design control surfaces to prevent
slipping.

Seating

Cl The seat should fit and adjust to
body dimensions, distribute weight



to relieve pressure points, and sup-
port posture. In other words, the
seat should be comfortable.

0 The seat should provide design
features to guard against shocks
caused by rough roadways and mi-
nor collisions that tend to unseat a
person.

0 The seat should not hinder the
operator’s ability to control the ma-
chine. For example, the seat back
should not interfere with shoulder
movement.

0 The seat should not hinder the
operator’s ability to enter or exit the
workstation. For example, it
should be possible to move arm
rests out of the way.

LI Design the seat so that mine per-
sonnel can easily maintain or re-
place it. Use modular components
when possible.

Visibility

0 The workstation should provide
an unobstructed line of site to lo-
cations or objects that should be
visible to perform a job safely and
efficiently.

14” horizontal

Shuttle car A requires a smaller
visual angle to see an obstruction
than shuttle car B.

Cl Provide enough contrast be-
tween the luminance of the object
or location of interest and the sur-
rounding background to ensure
that the task can be performed
safely and efficiently.

Our design recommendations
will be useful to everyone in the
industry, not just machine design-
ers. For instance, the first report
will include a Maintainability De-
sign Checklist for coal mining
equipment. The checklist provides
a summary of design review points
so that equipment buyers can
evaluate the maintainability of new
or existing underground equip-
ment. It specifically focuses on
identifying design features that im-
pact downtime, repair costs, labor
hours, and maintenance expertise
required.

Our first recommendation re-
port will be published in late 1996
and will cover underground mobile
mining equipment. A subsequent
report will address surface mining
equipment. The report will also be
published as a World Wide Web
page on the Internet (accessible via
http://www.usbm.gov). Users con-
tacting the web page will be able to
pose questions directly to experts
in Human Factors design.

Richard L. Unger, Civil Engineer, (412) 892-
4372 (ungerrl@ptmba.usbm.gou~.~

What Is Human Factors
Research?
CONTINUED FROM PAGE 1

These very different accidents
have at least one factor in common:
the human factor. The actions, deci-
sions, thoughts, or perceptions of
one or more humans contributed to
the accident. These are just a few
examples of safety problems re-

searched by the Human Factors
Group of the Pittsburgh Research
Center.

Human Factors is a young sci-
ence that emerged during the late
1950’s and early 1960’s. Its practi-
tioners study human abilities and
characteristics, and work to apply
that information to the safe design
and operation of equipment, sys-
tems, and jobs. By taking the
strengths and limitations of human
beings into consideration, Human
Factors designers can make jobs
safer, more productive, and more
rewarding.

Human Factors research in min-
ing started over 20 years ago. The
Federal Coal Mine Health and
Safety Act of 1969 spawned new
studies of industrial safety prob-
lems in mining. These studies
showed that 50% to 85% of all min-
ing injuries are due, in large part, to
human error. The evidence sug-
gested that poorly designed equip-
ment, work environments, and
ineffective training are often the
cause of these performance errors.

This led to the formation of a
specialized Human Factors re-
search program. Today, our group
employs more than 20 experts in
industrial engineering, social sci-
ences, computers, biomechanics,
education, training, and other re-
lated disciplines.  These re-
searchers work in teams to address
safety problems and provide us-
able solutions to the mining com-
munity.

Some examples of useful prod-
ucts or information that we’ve de-
veloped include-
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How to lift without hurting your
back. Or better yet, how to get
the job done without dangerous
lifting.

An improved method for don-
ning a self-rescuer in a mine fire
(the "3+3 method”).

Software that lets you design a
permissible illumination system
for a mining machine while
maximizing visibility.

Training exercises that use three-
dimensional slides to teach miners
how to recognize hazardous roof.

How to implement new tech-
nologies, such as automation:
what works and what doesn’t.

This newsletter describes sev-
eral of our research products in
greater detail. We hope to show
you many more in future issues. If
you have suggestions for new re-
search areas or want more informa-
tion on what we’ve already done,
please feel free to contact us.

Robert F. Randolph, Research Psychologist, (412)
892-4360 (randolrf@ptbma.usbm.gov). W

Training

Latent-Image Simulation
Exercises

LOOKING FOR NEW MATERIALS
for refresher training? Since the

1980's the University of Kentucky
and the Human Factors Group of
the Pittsburgh Research Center
have developed 70 different latent-
image simulation exercises, cover-
ing areas as diverse as sexual
harassment, a diving injury, first
aid in confined spaces, and hazard
recognition at surface operations.

These exercises are perform-
ance-based instructional materials
for teaching problem-solving skills
to miners. Each exercise tells a
story, then lets the trainee make

Mining Health and Safety Update l August 1996

 From the    Editor. . u

The Pittsburgh Research Center (PRC) and Spokane Research Center
(SRC) are among the world’s foremost mining research establishments.

  We conduct research to promote the health and safety of the Nation’s
mine workers. Once a part of the former U.S. Bureau of Mines, work at
PRC and SRC was transferred to the U.S. Department of Energy (DOE)
in April 1996. As part of the fiscal year 97 budget, health and safety

_ research at PRC and SRC will be transferred to the National Institute for
  Occupational Safety and Health (NIOSH).

Mining Health and Safety Update will be issued periodically on differ-
ent topics to apprise our readers of tangible research results and to
expedite the transfer of new technologies to our customers. Each section
of the Update will describe what’s new or changed in relation to current

: practices or technologies in mines today.

On the back page of this Update is a Reader Response Form. If you
wish to receive future issues of the Update, you must return this Re-
sponse Form. Please take a few minutes to respond. We are open to
your contributions, suggestions, and questions at any time to formulate
the direction of our research.

Requests for back issues should be directed to Rose Ann Crotsley,
(412) 892-6609 (crotslra@ptbma.usbm.gov).((crotslra@ptbma.usbm.gov).

decisions to resolve the problem us- whether the response was correct
ing latent-image answer sheets. and the consequences of the re-
“Latent-image” refers to a process sponse selected. One recently de-
where words are printed on paper veloped exerc ise  combines
with invisible ink. The words are latent-image technology with
revealed when a special pen is used three-dimensional slides to ad-
to draw over them. That text explains dress machine guarding hazards

The Pittsburgh Research Center has developed training simulations using latent-
image exercises and Viewmaster three-dimensional slide reels to enhance the
hazard recognition skills of miners. (Photo by John J. Haggerty)



and safety practices. “Raggs and
Curly” follows Raggs (a chief me-
chanic) and Curly (his helper) as
they evaluate the effectiveness of
machine guards at a surface coal
mine and discuss safe machine
guarding practices. The exercise
develops skills in machine and
equipment safeguarding strategies,
hazard identification, proper use of
warning and caution signs, safe
work procedures, and safe machine
guarding practices. It also rein-
forces important principles in
guard design and construction.

Latent-image exercises offer a
new approach to training through
problem solving, are fun to do, and
offer several advantages over tradi-
tional classroom training. These
advantages include an unfolding of
information and consequences, im-
mediate corrective feedback per-
taining to the participant’s answer
choice, and active group participa-
tion in learning. To date, about
500,000 copies of the exercises have
been distributed.

For a list of available latent-im-
age exercises, request a copy of the
Catalog of Training Products for the
Mining Industry - 1996 f r o m
MSHA’s National Mine Health and
Safety Academy, Beckley, WV, at
(304) 256-3257. For information on
the research that led to the develop-
ment of the latent-image exercises,
contact Roberta A. Calhoun at (412)
892-4352.

Lynn L. Rethi, Training Research Specialist,

(412) 892-6686 (rethill@ptbma.usbm.gov) and

Charles Vaught, Research Sociologist, (412) 892-
6830 (vaughtc@ptbma.usbm.gov). n

Products
Crewstation Analysis Programs

HET CREWSTATION ANALYSIS
Programs (CAP) is a software

package for determining whether a
mining machine provides adequate
visibility and illumination to oper-
ate the machine safely. CAP was
designed for use by original equip-
ment manufacturers and purchas-
ers of their equipment. It can assess
visibility for shuttle cars, scoops,
and continuous miners and can
measure illumination for any type
of equipment.

The visibility model can assess
visibility for an operator of any size.
It determines whether that opera-
tor can " s e e "  a set of visual attention
locations (VAL's). VAL's are points
in space that must be visible to op-
erate the equipment safely. For ex-
ample, the operator must be able to
see an obstruction in the roadway
in time to avoid a collision.

The illumination model can
quickly assess lighting systems for

underground mines. First, the user
selects the luminaires and identifies
their locations on the machine or
surrounding environment. The
model then computes the resulting
illumination around the machine
using methods compatible with
MSHA’s Statement of Test and
Evaluation (STE). In fact, users can
submit the CAP output directly to
MSHA for certification. This com-
puterized technique lets users test
alternate lighting system designs
quickly without the expense and
inconsistency of mine lighting labo-
ratory mockups. Users can also de-
termine the effects of modifying a
lighting system on operator visibil-
ity while the machine remains in
service. A future update to the soft-
ware will let the user optimize illu-
mination while reducing disabling
glare. Currently, CAP is available
for the DOS platform. However, a
Windows 95 version is under devel-
opment.

Richard L. Unger, Civil Engineer, (412) 892-
4372 (ungerrl@ptbma.usbm.gov). n

V I E W  ***”  ZOOM: 1.000 CUR MACH: 21SC SNAP H/V HIDE
EDIT/MOVE A MACHINE(S)

Eye view of a 95th-percentile male operator seated in a 21SC shuttle car
(cubes indicate VAL's).



Coal County

C
OAL COUNTRY is an inter-
active, educational computer

program designed to teach elemen-
tary school children the importance
of coal to our society. However,
technical presentations have shown
that it appeals to all ages. The soft-
ware includes four modules: How
Coal Is Formed, Where Coal Is
Found, How Coal Is Mined, and
How Coal Is Used.

Each module is 5-8 minutes long
and can be viewed separately or as
a total educational unit. The mod-
ules use pictures, sound, and ani-
mation to hold the students’
interest. Students interact with the
software by responding to specific
questions related to the material
covered. Experts in mining engi-
neering, geology, electrical engi-
neering, mechanical engineering,
education, and psychology served
as reviewers to evaluate the con-
tent, flow, and ease of use. Com-
ments by teachers and children
showed that the program was well
received. "It helped the children un-
derstand how coal is formed and why
this natural resource is important.”
One child’s response: “I loved it.
It got me interested in coal.”

We developed “Coal Country”
in cooperation with the Bethel
Park, PA, Public Schools and the
Center for Economic and Energy
Development. “Coal Country is

“Lumpy” is a cartoon character
that guides students through four
lessons in Coal Country.

available in either Macintosh or
Windows format. A sound card is
optional, but is necessary to hear the
music and other sound effects.

The cost of the software, which
includes online documentation of
suggested classroom activities, is
$7.50 (orders of more than 100 are
available for $5.00 per copy). Orders
can be placed through either of the
following sources:

The American Coal Foundation
1130 17th Street, NW.
Suite 220
Washington, DC 20036
(202) 466-8630

SME Foundation
8307 Shaffer Parkway
Littleton, CO 80127
(303) 973-9550

Kathleen M. Kowalski, Research Psychologist, (412)
892-4021 (kowalskm@ptbma.usbm.gov) . n

Upcoming Human Factors Presentations
Oct. 15-17, 1996 l National Mine Instructors’ Conference, MSHA National
Mine Health and Safety Adademy, Beckley, WV (registration: Linda Elswick,
(304) 256-3252). How To Combine Smoke Drills and Hands-on SCSR Training
(L. Mallett), Mining Health and Safety on the Internet (R. Randolph), Accident Trends
in the Mining Industry (L. Rethi, B. Fotta), Characteristics of Leaders in Escape From
Three Underground Mine Fires (K. Kowalski and M. Bmich), Principles and Methods of
Problem Identification (L. Steiner and K. Cornelius), Applied Research To Enhance the
Training and Performance of Tracked Dozer Operators (W. Wiehagen and T. Friend).

Nov. 14-15,1996 l Kentucky Mining Institute, Lexington, KY (registration:
Bill Caylor, Kentucky Coal Assn. (606) 233-4743, http://www.miningusa.com).
Extended-Cut Effects on Ground Control and Face Crew Safety (L. Steiner
and E. Bauer), Mobile Roof Support Usage and Retreat Mining Safety (F. Chase
and F. Turin), Safety Trends in Appalachian Coal Mining (B. Fotta and F. Turin).

Nov. 17-22, 1996 l 1996 International Mechanical Engineering Congress and
Exposition, Atlanta, GA (registration: (800) 843-2764 (USA); (212) 705-7788
(international); http://www.asme.org). Poster presentation: Trunk Extension
and Flexion in Standing and Kneeling Postures: Peak Torque and Associated
Electromyography of Ten Trunk Muscles (S. Gallagher and C. Hamrick).

Dec. 2-13, 1996 l Minesim ‘96 - First International Symposium on Mine
Simulation via the Internet. No conference location; papers will be published
on the Internet (registration: http://www.metal.ntua.gr/msslab/MineSim96).
Computerized Mine Emergency Response Simulation (M. Brnich, A. Glowacki,
L. Mallett, R. Unger, and C. Vaught).

Dec. 11, 1996  l Midwest Technology Transfer for Underground Stone Roof and
Rib Control, Paducah, KY (registration: Lou Prosser (412) 892-4423). Recognition
Training in Underground Limestone Mines (K. Kowalski, L. Rethi, and E. Barrett).
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